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SUMMARY 
NASA and the Naval A i r  Systems Command en te red  i n t o  an agreement to  con- 
duc t  te thered  hover  tes t ing  of  the  U.S. Navy XFV-12A Thrust  Augmented  Wing 
V/STOL Technology Demonstrator Aircraft i n  the Langley impact dynamics research 
f a c i l i t y  ( I D R F ) .  The IDRF was modi f ied   for   the   t es t ing .   This  paper desc r ibes  
these modifications and operation o f  t h e  f a c i l i t y  d u r i n g  static and dynamic 
tests. 
A j o i n t  test team conducted the tests during the f i r s t  half  of  1978. 
Tethered hover  tes t ing of t h e  XFV-12A i n  t h e  I D R F  h a s  i n d i c a t e d  t h a t  v a l i d  
fo rce  and moment da t a  can  be obtained from static t e s t i n g  and t h a t  dynamic 
t e the red  hove r  f ly ing  qua l i t i e s  can  be evaluated. 
INTRODUCTION 
From the beginning of the U.S. N a v y  XFV-12A Thrust  Augmented  Wing V/STOL 
Technology Demonstrator Aircraft Program, there was cons iderable  d iscuss ion  as 
to  t h e  b e s t  method to inves t iga t e  the  hove r  capab i l i t i e s  of t h e  t o t a l  a i r c r a f t  
i n  a realistic, and  yet  safe,  environment. The consensus  of  those who had  pre- 
v ious ly  t e s t ed  V/STOL a i r c r a f t  was t h a t  t e t h e r  r i g s  or pedestals provided unre- 
a l is t ic  inputs  to  a i r c r a f t  h a n d l i n g  qc-alities and, i n  some cases, c rea t ed  erro- 
neous  impressions  of   a i rcraf t   control   responses .   Test ing  devices   constructed 
to  remove ground e f f ec t ,  such  as gr ids ,  p rovided  no  safe ty  for  inves t iga t ion  
o f  a i r c ra f t  r e sponse  to l a rge  con t ro l  i npu t s  du r ing  hove r  f l i gh t .  
For the XFV-12A program, a f a c i l i t y  was des i r ed  wi th  the  capab i l i t y  to  
address  the fol lowing tes t  ob jec t ives :  
1 .  To s t a t i c a l l y  test t h e  a i r c r a f t  i n  t h e  h o v e r  mode by r ig id ly  pos i t i on -  
ing it a t  a d e s i r e d  a l t i t u d e  and a t t i t u d e  to  o b t a i n  
- Force and moment da ta  both  in  and  o u t  of ground e f f e c t  
- A i r c r a f t  l i f t  and  ba lance  cha rac t e r i s t i c s  bo th  in  and o u t  of 
- F i n a l  VTOL system adjustments 
ground e f f e c t  
2. To dynamically test t h e  a i r c r a f t  i n  a l imited hover envelope to o b t a i n  
- Cor re l a t ion  wi th  s ta t ic  test results 
- Airc ra f t  con t ro l  r e sponse  da t a ,  i nc lud ing  l a rge  con t ro l  i npu t s ,  
- E f f e c t s  of the  s tab i l i ty  augmenta t ion  sys tem both  in  and  o u t  of 
- E f f e c t s  of ambient wind and g u s t s  
bo th  in  and o u t  of ground e f f e c t  
ground e f f e c t  
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3. To provide a realist ic environment i n  which pilots can  t r a in  and  main- 
t a i n  p r o f i c i e n c y  i n  VTOL f l i g h t .  
4. To def ine  the  ex terna l  envi ronment  (flow f i e ld ,  ve loc i ty ,  p ressure ,  
temperature, and noise) around the a i rcraf t  for v a r i o u s  a i r c r a f t  a t t i -  
tudes  and  a l t i t udes  and wind condi t ions.  
I t  was determined that  the Langley impact dynamics r e s e a r c h  f a c i l i t y  (IDRF) 
could be modified to  achieve  these  tes t  objectives and minimize the problems 
with previous hover test f a c i l i t i e s .  
NASA and t h e  Naval A i r  Systems Command entered  in to  an  agreement  in  l a t e  
1976 to conduct  te thered hover  tes t ing of  the XFV-12A i n  t h e  IDRF. The facil- 
i t y  was modified for t h e  program i n  1977, and during the f i r s t  h a l f  of 1978, 
te thered  hover  tes t ing  of  the  XFV-12A was carried o u t  by a j o i n t  test  team from 
NASA, U.S. Navy, and North American Aircraft Division of R o c k w e l l  I n t e r n a t i o n a l  
Corp. S t a t i c  f o r c e  and moment data were obtained and l imi ted  dynamic t e t h e r e d  
hover  tes t ing was accomplished. 
SYMBOLS 
Measurements  and c a l c u l a t i o n s  were made i n  U.S. Customary  Units. They are 
p r e s e n t e d  h e r e i n  i n  t h e  I n t e r n a t i o n a l  System of Units (SI )  and U.S. Customary 
Uni ts. 
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diffuser   half-angle ,   deg 
canard d i f f u s e r  half-angle, deg 
wing diffuser  half-angle, deg 
l i f t  l e v e r  p o s i t i o n ,  cm ( in . )  
la teral  s t i c k  pos i t i on  (pos i t i ve  for r i g h t  wing down) , c m  ( in . )  
l o n g i t u d i n a l  s t i c k  pos i t i on  (pos i t i ve  fo r  nose  up) , cm ( in . )  
rudder pedal p o s i t i o n  ( p o s i t i v e  for n o s e  r i g h t ) ,  cm ( in . )  
p r e s s u r e  d i f f e r e n t i a l  
p i t c h  ra te  (pos i t i ve  fo r  nose  up) , deg/s 
Measured l i f t  
I s e n t r o p i c  t h r u s t  
augmentation ra t io ,  
r o l l  rate ( p o s i t i v e  for r i g h t  wing down) , deg/s 
yaw rate (pos i t ive  for  nose  r igh t ) ,  deg/s  
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DESCRIPTION OF TEST AIRCRAFT 
The XFV-l2A, shown i n  f i g u r e  1 ,  is a unique V/STOL a i rc raf t  be ing  developed  
by the  U.S. Navy. This  V/STOL technology demonstrator aircraft  program is 
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XFV-I  2 A  
Figure 1.- General arrangement of XFV-12A. 
intended to explore the sui tabi l i ty  of applying a thrust-augmented wing/canard 
ejector concept to an air-superiority fighter-type aircraft w i t h  V/STOL capa- 
b i l i t y .  I t  is not intended that the XFV-12A program produce an operational 
production a i rc raf t ,  b u t  rather that the aircraft serve as a research tool to 
explore  ejector  thrust-augmentation technology. It is anticipated that the air- 
c ra f t  w i l l  eventually develop into a flight-worthy vehicle to investigate and 
develop aircraft  characterist ics i n  vertical and conversion f l igh t  modes a t  t y p  
ical  f ighter takeoff and landing weights. The physical characteristics of the 
aircraft  are given i n  table I. 
TABLE I .- PHYSICAL  (HARACTERISTICS  OF THE XFV-12A 
Takeoff gross  weight  in STOL mode, kN (lb) . . . . . . . . . . .  1 0 7 . 9   ( 2 4   2 5 0 )  
Takeoff gross  weight  in VTOL mde,  kN (lb) . . . . . . . . . . .  8 5 . 1   ( 1 9   1 3 0 )  
Length, m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 . 4   ( 4 3 . 9 )  
Span, m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 . 7   ( 2 8 . 5 )  
Height, m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 8   ( 9 . 1 )  
Engine (one YF-401) : 
Sea- l eve l   s t a t i c   t h rus t ,  kN (lb) . . . . . . . . . . . . . . .  7 3 . 4   ( 1 6   5 0 0 )  
Maximum fue l  capac i ty ,  kN (lb): 
Wing. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 . 1   ( 2 0 4 0 )  
Fuselage . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 . 3   ( 2 7 7 4 )  
Moment of i n e r t i a ,  kg-m2 (s lug-f t2) :  
P i tch  . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 9 4 0 0 ( 5 1 2 0 0 )  
Roll . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8   3 0 0  (13 500) 
Yaw . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 5  100 ( 6 2   8 0 0 )  
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Configuration Features 
The XFV-12A is a V/STOL f i g h t e r  design f e a t u r i n g  a high wing and l o w  canard 
arrangement  and is powered  by a s i n g l e  YF-401 engine.  Figure 2 is a cutaway 
i l l u s t r a t i o n  of t h e  aircraft. The air  induction  system for t h e  YF-401 engine 
D I VERTER 
A I R  INDUCTION SYSTEM 
DlFFVSEc(  FLAPS 
WITH COANDA NOZZLES %1. 
Figure 2.- Cutaway of XFV-12A i l l u s t r a t i n g  a i r f l o w  f o r  V/STOL operat ion.  
is comprised of t w o  ex terna l  compress ion  in le t s  located along the sides of t h e  
fuse l age  and  an a u x i l i a r y  i n l e t  located on t o p  of the  fuse lage .  Flow from t h e  
e n g i n e  e x i t s  i n t o  t h e  d i v e r t e r  which directs the engine exhaust  f low af t  through 
the  p lug  nozz le  for  convent iona l  f l igh t  or forward to t h e  wing and canard duct-  
ing and augmenter systems for V/STOL operation. 
For V/STOL opera t ion  the  engine  exhaus t  is directed through the augmenter, 
t h a t  is, between d i f f u s e r  f l a p s  by means of a centerbody nozzle and Coanda  noz- 
z l e s  located on  the  d i f fuser  f laps .  This  a r rangement  causes ambient a i r  to be 
e n t r a i n e d  i n  q u a n t i t i e s  s e v e r a l  times the mass flow of the engine exhaust.  
Thrust from the augmenter is increased  above  the  bas ic  nozz le  thrus t  because 
of t he  t r ans fe r  o f  k ine t i c  ene rgy  of the engine exhaust to the  en t r a ined  sec- 
ondary a i r .  
During  conversion  from  hover to conven t iona l  f l i gh t  ( f ig .  3 ) ,  t h i s  second- 
a r y  a i r  is accelerated over  the aerodynamic surfaces  by t h e  pumping a c t i o n  of 
the augmenters to create a rapid bui ldup of aerodynamic c i r c u l a t i o n   l i f t  on 
t h e  wing  and  canard. As t h e  f laps are r e t r a c t e d  to mean augmenter f l a p  a n g l e s  
less than 30°, the  engine f low converts  to normal tail-pipe Operation, and the 
f l a p s  and ejector centerbody fold i n t o  a high-performance a i r f o i l ,  w i t h  t h e  
t ra i l ing-edge f lap on both the wing and canard used for aerodynamic control. 
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Figure 3.- XFV-12A transition from hover to cruise. 
Hover Control System 
Hover height and attitude control are also achieved through the augmenter 
f lap  system (fig. 4 ) .  Variation of the diffuser half-angle modulates the 
amount of secondary airflaw, and thereby the l i f t  created on each augmenter 
surface. With no change of engine thrust, height control is obtained by varia- 
tion of the diffuser half-angles on a l l  four augmenters simultaneously. T h i s  
-a -4 o 4 8 12 
DIFFUSER HALF-ANGLE, 6DJ DEG 
Figure 4.- Hover control concept of XFV-12A. 
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col lec t ive  change  in  diffuser half-angles  is accomplished by the pi lot  moving 
t h e  a i r c r a f t  l i f t  l e v e r  which is located beside t h e  t h r o t t l e  i n  t h e  throttle 
quadrant. A t  the  designed augmenter  performance level ,  the  neutral  posi t ion 
of t h e  l i f t  l e v e r  produces zero rate of climb. A forward or p o s i t i v e  movement 
of t h e  l i f t  l eve r  from n e u t r a l  produces a p o s i t i v e  rate of climb and a n  a f t  or 
negat ive movement produces a negat ive  rate .of climb. A t t i t u d e  c o n t r o l  is 
achieved by d i f f e r e n t i a l  v a r i a t i o n  o f  t h e  d i f f u s e r  h a l f - a n g l e s  o n  t h e  wing and 
c a n a r d  f o r  p i t c h ,  d i f f e r e n t i a l  v a r i a t i o n  o f  t h e  d i f f u s e r  h a l f - a n g l e s  o n  t h e  
r i g h t  and l e f t  wings for ro l l ,  and d i f f e r e n t i a l  v a r i a t i o n  of t h e  mean augmenter 
f l ap  ang le s  on  the  l e f t  and  r igh t  wings f o r  yaw. 
DESCRIPTION OF TEST FACILITY 
Langley Lunar Landing Research Facility (LLRF) 
The LLRF was b u i l t  i n  t h e  e a r l y  1960 's  i n  support of t h e  A p o l l o  Program. 
The LLRF gant ry  (see f i g .  5), o r i e n t e d  i n  t h e  east-west d i r e c t i o n ,  is canposed 
of t russ  elements arranged with four sets of i nc l ined  l egs .  Access to overhead 
areas and equipment is provided by an  e leva tor  enc losed  in  a s h a f t  a t  the south- 
east corner  and by var ious catwalks .  The gan t ry  is approximately 73 m (240 f t )  
high, 1 2 2  m (400 f t )  long,  and 61 m (200 f t )  across a t  ground l e v e l .  
L-65-3002.1 
Figure 5.- Aerial view of LLRF. 
The LLRF provided pilots and  as t ronauts  the  oppor tuni ty  to maneuver t h e  
luna r  l and ing  r e sea rch  veh ic l e  ( f ig .  6 )  t h rough  the  f ina l  46 m (1 50 f t )  b e f o r e  
L-65-4818 
Figure 6.- Lunar landing  research  vehic le  suspended  in  LLRF. 
landing while under the influence of a s imula t ed  luna r  g rav i t a t iona l  f i e ld .  
S imula t ion  o f  t he  luna r  g rav i t a t iona l  f i e ld  was achieved by using an overhead 
suspension system which provided a v e r t i c a l  l i f t i n g  f o r c e  equal t o  f ive - s ix ths  
of the vehicle  weight .  The suspension cables  were a t t ached  to  t h e  v e h i c l e  
through a gimbal system which acted through the vehicle  center  of  gravi ty  and 
allowed freedom of motion i n  t h e  p i t c h ,  r o l l ,  and yaw axes. The cables were 
at tached to  a winch  on t h e  LLRF t r ave l ing  b r idge  a t  the  67 m (220 f t )  l e v e l ,  
as shown i n  f i g u r e  7. The winch  employed a servo-control led hydraul ic-dr ive 
system which automatically moved the cables up  and down in response to v e r t i c a l  
motions of the  vehic le  genera ted  by p i l o t  i n p u t .  To con t ro l  t he  se rvodr ive  
un i t ,  load cells in  the  suspens ion  sys tem provided  s igna ls  propor t iona l  to the  
t e n s i o n  i n  t h e  cables. 
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L-66-1690.1 
Figure 7.- LLRF traveling bridge and underslung dolly.  
I n  order f o r  t h e  r e s e a r c h  v e h i c l e  to have freedom to  t r a n s l a t e  f o r e  and 
a f t  as well as l a t e r a l l y  w i t h o u t  cable in te r fe rence ,  the  suppor t  cables were 
main ta ined  in  ver t ica l  a l ignment  wi th  the  vehic le  a t  a l l  times. To accomplish 
this ,  the t ravel ing br idge and underslung dol ly  housing the winch fol lowed the 
veh ic l e  au tomat i ca l ly  and s tayed direct ly  over  it. The f o r e ,  a f t ,  and la teral  
motions of  the t ravel ing br idge and underslung dol ly  were c o n t r o l l e d  by dol ly-  
mounted cable-angle  sensors  tha t  detected angular  deviat ions of  the cable from 
v e r t i c a l  and sepa ra t ed  these  dev ia t ions  in to  components i n  t h e  f o r e ,  a f t ,  and 
l a t e ra l  d i r e c t i o n s .  
Addit ional  information on the LLRF can be found i n  r e f e r e n c e  1.  
Langley Impact Dynamics Resea rch  Fac i l i t y  (IDRF) 
After completion of the A p o l l o  Program, t h e  LLRF was conver ted  in to  a 
f a c i l i t y  to conduc t  r e sea rch  on  a i r c ra f t  c r a sh  sa fe ty .  The f a c i l i t y  name was 
changed to  impact dynamics research f ac i l i t y  which ref lects  t h i s  redirection 
of effort. Conversion of the f ac i l i t y  f rm the  LLRF to the I D R F  consisted of 
the following: 
1.  The system that controlled the traveling bridge and underslung dolly 
was r emoved. 
2. A fixed winch platform was installed under the center of the bridge. 
3. Three additional winches and controls were installed to pull back the 
aircraf t  and control it during the flight portion of the crash test .  
4. Additional winches were installed on the center and west legs of the 
gantry to handle umbilical cables for data transmission.' 
5. The concrete pad area was enlarged. 
6. The control room w a s  equipped wi th  new data recorders and a pyrotechnic 
control system. 
7. A collision protection fence was installed i n  front of the control 
bui ld ing .  
8. Woods a t  the west end of gantry were cleared to provide approximately 
a 107 m (350 f t )  run for the aircraft after crash impact. 
Development of the Tethered Test Facil i ty 
The IDRF as developed for the tethered hover testing of the XFV-12A1 shown 
i n  figure 8, provides a f ac i l i t y  which allows both s t a t i c  and dynamic tethered 
L-79-187 
Figure 8.- Aerial view of IDFU? configured for tethered hover testing of XFV-12A. 
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hover tes t s  to  be 
of the following: 
undertaken w i t h  utmost safety. This development consisted 
1 .  The "Z" system which is used as the overhead suspension system for the 
aircraf t  was installed. 
2. The fixed winch platform under the center of the bridge, installed for 
the aircraft crash safety program, w a s  removed. 
3. An enlarged winch platform was installed under the center of the bridge 
to house the "Z" system winch and IDRF pullback winch. 
4. An umbilical cable was installed for data transmission. 
5. A mechanical restraint  system was installed to limit la te ra l  and longi- 
tudinal translations of the aircraft. 
6. The t e s t  pad area was enlarged. 
7. Stat ic  tiedown anchors were installed to secure the a i rc raf t  i n  the 
desired position for static tests. 
8 .  Pilot visual cues were installed. 
9. A hangar to house the aircraf t  was b u i l t  and office trailers for test  
personnel we re added. 
10. The control roan w a s  modified. 
1 1  . The communication system was modified. 
1 2 .  Video cameras and recorders were installed to monitor testing. 
"2" system.- The tether or "2"  system includes a l l  components from the 
winch to the structural attach u n i t  on the aircraf t ,  namely, the winch, "Z" 
cable, shock absorber, position sensor, slack sensor, load ce l l ,  and structural 
attach un i t .  The "Z" system is i l lustrated i n  figure 9 and a more detailed 
view  of the lower portion is shown i n  figure 10. The i n i t i a l  dynamic tes t  oper- 
ating restrictions are given i n  table 11. 
Winch: A modified Navy highline shipboard underway replenish winch 
(fig. 1 1  ) was installed i n  a new winch platform under the gantry bridge 
approximately 61 m (200 f t )  above the ground.  (See f i g .  12.)  
There are two  modes  of  winch operation, manual and autcanatic, which are 
selected by the Console Operator. I n  the manual  mode, the winch serves as a 
hoist to raise or lower the aircraft .  I t  receives command signals fran the 
winch manual control handle located on the control console i n  the control 
room. I n  the automatic mode, the winch operates through a feedback system to  
track the aircraft vertical motion u s i n g  signals from the potentiometer i n  the 
position sensor. 
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I" SHOCK ABSORBER 
I -POSITION SENSOR LOAD CELL- -SLACK SENSOR 
Figure 9.- "2"  system  components. 
UNIl 
Figure 10.- Lower po r t ion  of the "2" system. 
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TABLE 11.- INITIAL DYNAMIC TEST OPERATING  RESTRICTIONS 
Horizontal  displacement, m (ft) . . .  
Height, m (ft) . . . . . . . . . . .  
Horizontal  velocity, m/s (ft/s) . . .  
Vertical  velocity, m/s (ft/s) . . . .  
Horizontal  acceleration, m/s2 (ft/s2) 
Vertical  acceleration, m/s2 (ft/s2) . 
Pitch and  roll,  deg . . . . . . . . .  
Heading, deg . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  k7.6   ( f25)  
. . . . . . . . . .  0 to 15 .2  (0 to 50) 
. . . . . . . . . . . . . . .  20.9 (23) 
. . . . . . . . . . . . . . .  20.9 (23)  
. . . . . . . . . . . . . . .  kO.9 (23) 
. . . . . . . . . . . . . . .  20.6   (22)  
. . . . . . . . . . . . . . . . . . .  2 5 
. . . . . . . . . . . . . . . .  0 to 360 
SEALED 1 
DRUM MANUAL BRAKE HANDLE 
STARTISTOP BUTTONS 
AND  REMOTE  WINCH  CONTROL 
DRUM C L U T C H   A S S E M B L Y  
(NOT SHOWN) 
DRUM AND SHAFTS 
A S S E M B L Y  
- R A N S M I S S I O N  
GEAR REDUCTION 
A S S E M B L Y  
HYDRAULIC BRAKE ASSEMBLY 
Figure 1 1  .- Highline  winch assembly. 
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L-77-4110.1 
Figure 12.- New winch platform instal led under  gantry br idge.  
The s i n g l e  drum of the  winch is driven by a var iab le-speed ,  b id i rec t iona l  
hydrau l i c  motor through a gear  reduction  assembly.  Hydraulic flaw for power- 
ing  the  motor is provided by a variable-displacement pump mounted with the 
hydrau l i c  motor i n s i d e  a sealed transmission. The pump is driven by a 111.9 kW 
(150'hp) electric motor. A servovalve i n  t h e  sealed t ransmiss ion  cont ro ls  
hydrau l i c  pump flaw to the  hydrau l i c  motor. The servovalve i s  c o n t r o l l e d  by 
signals f r a n  t h e  winch e l e c t r o n i c  c o n t r o l s .  The  winch  system i n  block diagram 
is shown i n  f i g u r e  13. The winch  system  includes a shoe-type brake t h a t  acts  
on  the  input  shaft   of  the  gear  reduction  assembly. The brake is set by a 
mechanical spring and is h e l d  i n  t h e  released p o s i t i o n  by hydrau l i c  pressure 
when the  winch is operat ing.  The brake is c o n t r o l l e d  by the  brake and  bypass 
solenoid. 
"Z" cable: The "Z" cable is made up  of t h r e e  l e n g t h s  of wire rope as 
shown i n  f i g u r e  14 .  Wound on  the  winch drum is 175 m (575 f t )  of 2.5 c m  (1 in.)  
diameter, IWRC, e x t r a  improved  plow steel wire rope made of s i x  37-wire s t r ands .  
The breaking  s t rength  of  th i s  rope is 459.9 kN (1 03 400 l b )  . The end f i t t i n g  
is a MacWhytel  SA-163-32 open socket to which is at tached a 133.4 kN (1  5 ton)  
Timkenl bearing  swivel no. 15-S-4. Attached t o  t h i s  s w i v e l  is 29 m (95 f t )  of 
2.9 cm (1 1/8 in.)  diameter 18-strand (7 wires t o  the  s t r and)  nonro ta t ing  wire 
rope cons t ruc t ed  from e x t r a  improved plow s teel  with a breaking strength of 
472.4 kN (1 06 200 l b ) .  Both ends have a MacWhyte  SA-163-36 open socket f i t -  
t i ng .  A 133.4 kN (1  5 ton)  Timken bearing swivel no. 15-S-2 is between t h e  lower 
INames of manufacturers are i d e n t i f i e d  i n  t h i s  paper to adequately describe 
the  appa ra tus .  Iden t i f i ca t ion  of these manufacturers  does n o t  c o n s t i t u t e  o f f i -  
c ia l  endorsement,  ei ther expressed or implied, by NASA. 
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Figure 13 . -  Block diagram of winch system. 
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Figure 14.- Schematic of " 2 "  cable. 
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9 f i t t i n g  and the  shock absorber. Between 
sensor is 3 m (10 f t )  of t he  same 2.9 cm 
t h e  shock 
". 
absorber and t h e  p o s i t i o n  
(1 1 /8 in.)  diameter nonro ta t ing  wire 
rope wi th  a MacWhyte SA-163-36 open socket f i t t i n g  on both ends. 
Shock absorber:  The pneumatic-hydraulic  shock absorber shown in   schemat ic  
form i n  f i g u r e  15 was inc luded  in  the  "2" system to  limit shock loads to t h e  
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Figure 1 5. - Schematic of shock absorber. 
a i r c r a f t  to  less than 177.9 kN (40  000 l b ) .  The outer cy l inde r  is f i l l e d  w i t h  
hydrau l i c  f lu id ,  wh i l e  the  inner  cy l inder  is pressurized with ni t rogen to a 
nominal 22.8 MN/m2 (3300 psi) .  The ni t rogen  precharge resists loads up to 
1 1  1.2 kN (25 000 l b ) .  Stroking the shock absorber fo rces  the  hydrau l i c  f l u i d  
through the extended or i f ice  which compresses t h e  n i t r o g e n  and resul ts  i n  a 
load of 164.6 kN (37 000 l b )  a t  maximum stroke of 150 cm (60 in . ) .  Under 
abrupt load app l i ca t ions ,  t h e  load rises towards 177.9 kN (40 000 l b )  e a r l i e r  
i n  t h e  stroke. Design c h a r a c t e r i s t i c s  of t h i s  shock  absorber are g iven  in  
f i g u r e  16 f o r  s e v e r a l  typical loading condi t ions.  When the  load  is removed, 
t he  recoil o r i f i c e  c o n t r o l s  t h e  r a t e  o f  r e t u r n  to the unloaded condition. 
CURVE INITIAL VELOCITY, AIRCRAFT LIFT, WEIGHT ON CABLE, 
' SLACK, M (FT) M/S (FT/S) KN (LB) KN (LB) 
A 2 . 1  (7) 5 , 6  (18,4) 22.2 (5  000) 66.8 (15 030) 
B 1 , 2  (4) 4 ,2  (13,9) 22 .2  (5 000) 66 ,8  (15 000) 
C 1 , 2  (4) 3 , 2  (10,4) 51,6  (11 600) 37.4  (8 400) 
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Figure 16.- Shock absorber  design  characterist ics .   Aircraft  wei h t ,  
89 kN (20 000 lb) : e f f e c t i v e   o r i f  ice area, 1.47 an2 (0 .228 in s ) ; 
nitrogen  precharge,  22.8 MN/m2 (3300 p s i ) .  
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Position sensor: The position sensor is an electromechanical device, shown 
schematically i n  figure 17, which provides the feedback signal that enables the 
TO WINCH 
POT I 
CONTROL 
c 
TO AIRCRAFT 
Figure 17.- Schematic of position sensor. 
nZn system to automatically track vertical aircraft motion during dynamic 
tethered tests. The feedback signal is furnished by the wiper of a linear 
potentiometer (pot.) that is mechanically linked to  the position sensor pis- 
ton. When the piston is centered wi th in  its range of travel, the potenti- 
ometer  has zero output. A s  the aircraft ascends or descends, the piston 
translates from the center or neutral position and the resulting potentiometer 
output commands the winch to  reel  i n  or pay out cable to recenter the piston. 
A t  the neutral position the u n i t  is maintaining approximately 890 N (200 l b )  
of tension i n  the "2" cable. T h i s  level of tension was chosen to  minimize the 
"2"  system effects on aircraf t  dynamic  hover characteristics. When the air- 
craft vertical velocity exceeds the winch maximum vertical  rate of approxi- 
mately k1.5 m / s  (25 f t/s) , the piston activates either the "up" or "down" 
warning switch. These switches activate warning l i g h t s  for the Pilot  i n  the 
cockpit which indicate that the aircraft vertical velocity is exceeding the 
winch capability. If the aircraft is ascending faster than the winch capa- 
b i l i t y ,  the up switch also activates an aural warning on the t e s t  intercommuni- 
cations (I (3oM) network. 
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Slack sensor: A slack sensing device is included i n  the "2" system during 
dynamic operations wi th  l if t- teweight ratios greater than 1 to detect any 
slack i n  the linkages between the load c e l l  and the structural attach un i t .  
The sensor for the "2" system is a 10-turn, 10 000-ohm-resistance linear- 
displacement transducer w i t h  a 216.9 cm (85 3/8 in . )  extension. I t  converts 
mechanical motion into an electr ical  output. 'The output frun t h i s  sensor trig- 
gers an additional aural warning on the test  ICOM network and drives an indi- 
cator on the control console. 
Load cel l :  A dual-bridge load cell serves as a continuous monitor of the 
load i n  the "2" system. The output of  one bridge is transmitted via the air- 
craft telemetry system and recorded on the data tape; the other bridge is hard- 
wired to the control console for monitoring by the Test Director and Console 
O p e  ra  tor. 
Structural attach un i t :  The structural attach u n i t  for  the XFV-12A, shown 
i n  figure 18, provides the interface between the "2"  system and the aircraft 
load-pickup points.  I n  addition it provides freedm for the aircraft to roll 
and pitch. 
11 a x i s  
4+J 
G o f  a i r c r a f t  
I 
Figure 18.- Structural attach u n i t .  
Qualification of the "Z"  system: To qualify for operation, a l l  components 
of the "2" system were designed to a minimum yield strength and s t a t i c  proof- 
loadeq to a minimum of 177.9 kN (40 000 l b )  . Figure 19 itemizes the design 
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DESIGN MINIMUM STAT I c 
Y I E L D  STRENGTH,  PROOF  L ADING, 
KN (LB) ' KN (LB) 
WINCH 371,7 (83 571)  177,9 (40 030) 
GANTRY 224,4  (50 000) 
RECOVERY LOAD LIMITED TO 
177.9 KN (40 000 LB) BY 
SHOCK ABSORBER 
"Z" CABLE 459,9  (103 400) 224,4  (50 000) 
SHOCK 
ABSORBER 400,3  (90 000) 266,9  (60 000) 
FITTINGS ~ 4 0 0 ~ 3  (290 000) 266,9  (60 000) 
PoslT1oN 400.3 (90 000) 266,9  (60 000) 
SENSOR 
A LOAD CELL 444,2 (100 000) 
~ 
& STRUCTURAL 
ATTACH 533,8 (120 000) 195,7 (44 000) 
U N I T  (ON AIRCRAFT) 
Figure 19.- " 2 "  system design yield strengths and s t a t i c  proof loadings. 
minimum yield strengths and proof loadings of the components. I n  addition, 
dynamic proof loadings were conducted and are discussed i n  the section "Dynamic 
Analysis and Hardware Proof Testing." 
Modifications to  IDFU?.- I n  order to  ut i l ize  the I D R F  as a tethered hover 
fac i l i ty ,  the basic f ac i l i t y  required other modifications i n  addition to incor- 
porating the " 2 "  system. These modifications are discussed i n  the following 
paragraphs. 
Winch platform: The winch platform added to  the bridge structure when the 
IDRE' was established was removed and replaced wi th  an enlarged platform to house 
both the " 2 "  system winch and the I D R F  pullback winch for the aircraft crash 
safety program. To prevent objects from fal l ing through the floor grating, a 
plexiglass floor covering w i t h  antiskid pads was installed over the grating. 
Umbilical  cable: The umbilical cable electrically connects the aircraf t ,  
load cell, position sensor, slack sensor, and  winch to  the control room (see 
fig. 1 0 ) .  I t  is canposed of four separate electrical cables which are mechan- 
ically fastened to a 0.64 c m  (1/4 i n . )  diameter steel  carrier wire rope. Two 
of the four electrical cables are 12-pair conductors, one is a 6-pair conductor, 
and  one is a l-pair conductor, as required by the xFv-12A t e s t  program.  The 
carrier wire rope is attached to  the gantry through an umbilical winch on the 
bridge t o   a l l m  the umbilical length to  be preset consistent w i t h  the t e s t  being 
performed. 
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Restraint system: The r e s t r a in t  sys t em is a mechanical cable and r ing 
arrangement suspended fran the gantry around the "2" cable ,  as shown i n  
f i g u r e  20. This  system limits t h e  la teral  and long i tud ina l  t r ans l a t ions  o f  
RESTRAINT SYSTEM 
Y O R T H  
w 
Figure 20.- Restraint  system. 
t h e  l lZ" cable and hence the translations of the aircraft. Two limits were 
provided in  the system by inc lus ion  of  a small r i n g  w i t h i n  t h e  l a r g e r  c a b l e  
4b 
Figure 21 .- Details of r e s t r a i n t  system. 
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rest ra int  as  shown in figure 21 . The e las t ic i ty  of the wire rope suspension 
holding the restraint  i n  the gantry reduces the harshness of the impact of "2" 
system against t h e  restraint during overtravel. The  30.5 m (100 f t )  height of 
RESTRAINT SYSTEM, 
30,5 M (100 FT) / 
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POSIT ION AT MAX. 
TEST  ALT PLUS 
/ 
- _  ,_ -..,I 
' J t  .- 
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AT  NOMINAL  TEST  ALT, \ \  
Figure 22.- Vertical profile of restraint  system. 
the restraint, as shown i n  figure 22, was chosen so that  t h e  a i rc raf t  could 
operate a t  a maximum al t i tude of 15.2 m (50 f t )  without the shock absorber 
coming i n  contact w i t h  t he  res t ra int  w i t h  a 20-percent a l t i tude overshoot. 
Test pad improvements: The concrete t e s t  pad area of the IDRF was 
increased nearly 1000 m2 (10 760 f t 2 ) ,  as shown i n  figure 23, to prevent for- 
eign object damage (FOD) to the aircraft  engine  during tests. I n  addition t o  
the increased concrete pad, an extensive area under t h e  gantry was covered 
wi th  aircraft landing matting to provide easier access to the test area. 
L-78-8274.1 
Figure 23.- Improvements to test pad. 
Static tiedowns: To s e c u r e  t h e  a i r c r a f t  i n  t h e  desired p o s i t i o n  f o r  t h e  
s ta t ic  tests, 16 ground tiedown anchors were placed i n  t h e  c o n c r e t e  test  pad. 
These anchors were standard aircraft  mooring eyes capable of r e t a i n i n g  a 44.8 kN 
(1 0 000 l b )  pu l lou t  fo rce .  For t h e  XFV-12A t e s t i n g ,  t h e  a n c h o r s  are ar ranged  in  
t h e  pad as shown i n  f i g u r e  24. 
Pi lo t  cues:   Various  visual  aids, as shown i n  f i g u r e  25, were added to 
the  gant ry  to  provide the P i lo t  wi th  or ien ta t ion  cues  dur ing  dynamic t e s t i n g .  
Along the  cen te r l ine  o f  t he  gan t ry ,  fou r  sets of 0.9 m ( 3  f t )  diameter balls 
were hung in  groups of four with a yellow ball a t  3.8 m (1 2.5 f t )  and 11.4 m 
(37.5 f t )  and a red ba l l  a t  7.6 m (25 f t )  and 15.2 m (50 f t ) .  To t h e  n o r t h  s ide  
of t he  test pad, two 1 . 2  m by 1.2 m (4 f t  by 4 f t )  black and white  targets  were 
hung a t  7.6 m (25 f t )  and 15.2 m (50 f t ) .  
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Figure 24.- Arrangement of static  tiedown  anchors. 
Figure 25.- Arrangement of pilot cues. 
25 
Aircraf t  hangar  and personnel  trailers: A 12.2 m by 18.3 m (40 f t  by 
6 0  f t )  hangar with a main door opening of 9.8 m by 3.7 m (32  f t  by 1 2  f t )  was 
cons t ruc ted  on  the  east side o f  t he  no r th  cen te r  l eg  to house  the  a i r c ra f t .  
The hangar is equipped with 1 10 V ac electrical power and a carbon dioxide 
f i re   ext inguishing  system.  In   addi t ion,   the   hangar  is plumbed f o r  compressed 
air and wired for 440 V ac, both of which were suppl ied  by portable equipment. 
Hea t ing  in  the  win te r  months was also provided by portable equipnent.  
Three  of f ice  t ra i lers  were provided to house the engineering, instrumenta- 
t i o n ,  and maintenance personnel  during the tes t ing.  
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Figure 26.- Layout of c o n t r o l  room. 
manned by t h e  Test Director, Console Operator, Test Coordinator ,  NASA Safe ty  
Observer, and NASA Fac i l i t y  Coord ina to r ,  a s  shown i n  f i g u r e  27. Other  personnel 
are kept to a minimum during tests to  p r e v e n t  d i s t r a c t i o n  of t h e  c o n t r o l  rocan 
personnel.  
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Figure 27.- View from con t ro l  room. 
The cont ro l  console  shown i n  f i g u r e  28 is equipped to enable both normal 
and  emergency c o n t r o l  of the  t e the red  tests. The equipment  includes controls  
and ind ica t ion  for 
1 .  Winch ope ra t ion  
2. Aircraft emergency f u e l  s h u t o f f  
3. A i r c r a f t  f i r e  warning 
4. Voice comnunication 
When the  START push button switch is depressed on the console ,  440 V ac 
is suppl ied  to  the  winch electric motor and 115 V ac is suppl ied  to t h e  winch 
e lec t ronics   pane l .  The SYSTEM ON l i g h t   i l l u m i n a t e s .  The WINm AUTO/MAN 
swi tch  g ives  cont ro l  of t h e  winch to  the  Conso le  Opera to f in  MAN and to  t h e  
“2’ system posi t ion sensor  in  AUTO. The WINCX MANUAL CONTROL allms t h e  con- 
sole operator to  use t h e  winch as a convent ional  hois t  system by  moving t h e  
hand le  in  the  UP or DOWN d i r ec t ion .  The winch BRAKE swi tch  has  three  pos i t ions :  
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REJLEASE . . . . Brake off a t  a l l  times 
SET . . . . . . Brake on a t  a l l  times 
AUTO REL . . . . Brake on automatically when W I N C H  MANUAL CONTROL is 
near neutral and off automatically when UP or Dom 
commands are given 
u 
[MfUG 
BAT PWR 
WINCH 
CONTRDI 
Figure 28.- Control console. 
a 
L-79 3869 
Pressing the WINCH EMERG STOP switch removes power to the winch and sets the 
brake. Indicators of  winch  and aircraft vertical velocity, winch  command input, 
and "2" system slack are located i n  the upper right corner. The readout from 
the "2" system load c e l l  is located above the control console. 
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Communications: The primary means  of  communication for controlling test 
operations is the hard-wired ICOM system. The ICOM system consists of two net- 
works, the test network and the f ac i l i t y  network. The t e s t  network t i e s  
together the aircraft, control room, data observers, and  ground observers. The 
f ac i l i t y  network t i e s  together the NASA f ac i l i t y  personnel w i t h  the control 
room. 
The personnel on the test  network are the Test Director, Pilot, Console 
Operator, Test Coordinator, Ground Observers, and Data Observers. The NASA 
Safety Observer and Facil i ty Coordinator have s p l i t  headsets so that  they can 
monitor both networks and can select either one to talk over. NASA f ac i l i t y  
personnel can use only the f ac i l i t y  network. 
I n  case of commercial e lectr ical  power failure, the I C O M  system amplifiers 
have a 'bat tery backup power supply. I f  the ICOM system amplifiers fa i l ,  the  
Test Director, Console Operator, and Pilot  have a battery-powered UHF radio for 
backup. 
Video  system:  Four video cameras and video recorders were utilized dur ing  
testing to monitor and record the spooling of the wire rope on the winch, opera- 
tion of the control console, and  movements of the aircraf t  fram the bridge over- 
head  and  from the control room bu i ld ing  roof. The overhead view w i t h  local time 
superimposed was displayed i n  the control room so that the Test Director could 
monitor the position of the aircraft i n  the test area during dynamic testing 
and the Test Coordinator could note the s t a r t  and stop time for each t e s t  point. 
These cameras proved to be useful for postflight review. 
QUALIFICATION OF THE FACILITY FOR MANNED TESTING 
Modification of the f ac i l i t y  as described i n  the previous sections and 
operation of the modified f a c i l i t y  had to  be approved i n  accordance wi th  Langley 
Management Instruction (LMI) 7000.2 enti t led "Reviews of  Major Construction or 
Facil i ty Modification Projects." I n  addition, since the XFV-12A is a manned 
aircraft ,  the modified f ac i l i t y  had to be man-rated i n  accordance w i t h  
LMI 1 71 0.1 ent i t led "Human Factors Research, Man-Rating Requirements, and 
Committee Review Procedures." 
I n  order to  comply with these management instructions, the following 
reviews were held: Cri t ical  Design Review (CDR), Man-Rating  Committee (MRC) 
Review, Integrated Systems Review ( ISR) ,  and Operational Readiness Review 
(ORR) 
Crit ical  Design Review 
The CDR is a review of the project by an independent NASA committee w i t h  
primary emphasis on modifications being made to the tes t  faci l i ty .  I f  t h i s  
committee identifies problem areas that have been overlooked i n  the design or 
need additional work, it charges the project management to  present a solution 
to the problem to the chairman of the CDR. 
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Man-Rating Committee 
The. MRC is appointed by the chairman of the Langley Research Center Execu- 
tive Safety Board.  The MRC is responsible for reviewing the  entire program to 
determine whether the program meets the safety requirements for manned opera- 
tion or not. They then recommend to the chairman of the Executive Safety Board 
that the program be approved, or disapproved, for manned operation. 
The MRC requires in-depth documentation of the safety aspects of the pro- 
gram. Th i s  documentation for the XFV-12A tethered hover t e s t  program included 
a Safety Analysis Report, Sneak Circuit Analysis, Failure Mode  and Effects 
Analysis, Dynamic Analysis of the Aircraft/"Z" System, and Operational Test 
Procedures. 
Safety Analysis Report (SAR).- The SAR identifies and classifies potential  
system and operational hazards or undesired events. Th i s  enables corrective 
actions to be taken so as not to expose personnel or equipment to  unacceptable 
risks. The classifications include an evaluation of the consequence of the 
undesired event i f  it happens (hazard category) and  an evaluation of the risk 
w i t h  the selected hazard control implemented (r isk classi f icat ion) .  The hazard 
categories and risk classifications are 
I. Possible serious or fatal injury to public or test subject 
11. Possible serious or f a t a l  in ju ry  to  tes t  fac i l i ty  personnel 
111. Possible damage to  major equipnent 
IV. Terminated or delayed operation 
V. Nuisance failure 
VI. Acceptable risk due to adequate controls, procedures, and/or safety 
factors 
Undesired events with hazard categories of I,  11, or I11 must  have design or 
procedure controls to reduce their  r isk classification to IV, V, or VI. The 
hazard control priority is as follows: 
1 .  Eliminate the hazard through design. 
2. Minimize the probability of the hazard occurring through design 
safety factors. 
3.  Provide safety devices to control the hazard. 
4. Provide a warning device to   a le r t  crew members to the hazard. 
5. Develop procedures to minimize the hazard. 
An example of typical undesired events is shown i n  table 111. 
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TABLE 111.- TYPICAL UNDESIRED EVENTS LIST 
I 
Subsystem: "2" system,  winch 
" "_ 
Item 
no. 
30 
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Undesired  event 
Winch  drum  clutch 
disengages 
Winch  hydraulic 
fails 
transmission 
Remarks,  recommendation, or conclusion 
The  drum  clutch  consists  of a sliding  clutch 
jaw,  a  yoke,  and a clutch  handle.  The 
sliding  clutch  jaw mves along a feather 
key  in  the  drive  shaft.  The  jaw  contains 
drum hub. Once the  teeth  are ngaged, pro- 
four teeth that engage  notches in  the winch 
ceduees  are  to  pin  the  mechanically  engaged 
clutch in  the  engaged  position.  Inspection 
of  the  clutch  is  part  of  the  winch  preflight 
check. Due to  the  clutch  design  and  pre- 
become  disengaged. 
flight  check,  it  is  improbable  that  it  would 
Recommendations: none 
Winch  hydraulic  transmission  failures  will 
normally  result  in  the loss of replenishment 
pressure  in  the  transmission.  In  this  case, 
the  replenishment  pressure  switch  opens, 
causing  the  fail-safe  (pump  centering)  sole- 
noid  and  the  brake  and  bypass  solenoid 
valves  to  deenergize,  stopping  the  winch. 
This  failure is  not a hazard  in  the MAN rode 
of  winch  operation.  It  is  not a  hazard  in 
the  AUTO  mode  provided  that  the  Pilot 
reduces  lift  immediately  upon  recognizing 
and  red  position  sensor  light or by  direc- 
the  winch  condition,  either by aural  tone 
tion  from  Test  Director. If the  failure  is 
or the  pressure  switch  fails  to  open,  the 
such  that  replenishment  pressure  is  not  lost 
winch  would  not  track  in  AUTO, a condition 
that  would be observed  in  sufficient  time  to 
recover  the  aircraft  safely.  If  the  winch 
was  supporting  the  aircraft  with  this  con- 
dition,  the  winch  could  overspeed.  This 
overspeed  condition  would  have to be 
detected  through  visual  observation  of  the 
aircraft  descending  faster  than  commanded 
by  the  Console  Operator.  The  winch  could 
then  be  stopped  by ( I )  returning  the  WINCH 
MANUAL CONTROL  to  neutral  with  the B R A E  
EMERG. STOP switch  with  the  brake  switch  in 
switch in  AUTO, or (2 )  pressing  the WINm 
RELEASE. 
Recommendations: none 
:ategory 
Hazard 
- 
I 
I11 
Date: 7-22-77 
classification 
Risk 
VI 
~ _ _ _  
VI 
Sneak Ci rcu i t  Analys is . -  A sneak c i r c u i t  a n a l y s i s  for the  XFV-12A t e t h e r e d  
hover test  program w a s  performed on the "2" s y s t e m  e l e c t r o n i c  c o n t r o l  c i r c u i t r y  
to  confirm that no sneak circuits e x i s t e d  i n  t h e  system which could cause unde- 
manded electrical inpu t s  to t h e  "2" sys tem e lec t ronics .  
Failure Mode and Effects Analysis ( F m ) .  The FMEA for t h e  xFv-12A 
tethered hover tes t  program w a s  performed on the "2" system winch and control 
e l e c t r o n i c s  to i d e n t i f y  possible failure modes and the i r  e f f ec t s  on  the  sys t em.  
Th i s  ana lys i s  w a s  used to  iden t i fy  undes i r ed  even t s  i n  the  winch and its elec- 
t r o n i c s  f o r  t h e  SAR. I t  w a s  u s e f u l  i n  i d e n t i f y i n g  possible f a i l u r e s  t h a t  
could have caused severe hazard or time delays. 
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D y n a m i c  Analysis  and Hardware Proof Testing.- A dynamic a n a l y s i s  of t h e  
aircraf t /"Z" system w a s  performed by using a man-in-the-loop computer simula- 
t ion .  This  ana lys i s  was to de te rmine  tha t  w i th  the  Pilot  and Console Operator 
in-the-loop a recovery of t h e  a i r c r a f t  from an undesired condi t ion could be 
performed without exceeding the " 2 "  system capabi l i ty .  The most severe  unde- 
s i r ed  cond i t ions  de f ined  by  the  ana lys i s  were v e r i f i e d  by dropping dead weights 
a t t ached  to t h e  "2"  system with various amounts of slack i n  the system between 
t h e  a i r c r a f t  a t t a c h  u n i t  and the  shock  absorber.  These drop test results are 
shown i n  table I V  and i n d i c a t e  t h a t  t h e  dynamic analysis  provided a conserva- 
t i v e  estimate of t h e  e f f e c t s  of the undesired condi t ions.  
TABLE 1V.- VERIFICATION OF DYNAMIC ANALYSIS 
I 
Drop weight Drop distance Actual shock Calculated shock 
absorber stroke absorber stroke 
kN l b  
36.5 92.7 36.5 92.7  30  76.2 20 000 88.9 
45.0 1 1  4.3 34.8 88.4 50 127.0 15 000 66.7 
32.0  81  .3 22.2 56.4 30 76.2 15 000 66.7 
i n .  cm i n .  cm in.  cm 
Opera t iona l  Test Procedures.- Opera t iona l  test procedures f o r  t h e  XFV-12A 
t e the red  hover test  program were e s t a b l i s h e d  f o r  a l l  test  conditions.  These 
i n c l u d e   p r e f l i g h t ,   f l i g h t ,   p o s t f l i g h t ,  and abort procedures. The procedures 
were developed by the  test team and  approved  by t h e  MRC. After t h e  t e s t i n g  was 
underway, the  procedures  were modified to r e f l ec t  t he  expe r i ence  ga ined  du r ing  
t e s t i n g .  To modify t h e  procedures, t h e  Test Director, Pi lot ,  Console  Operator, 
and NASA Safety Observer would propose the modif icat ion to t h e  program managers 
of t h e  t h r e e  p a r t i c i p a t i n g  a g e n c i e s ,  and if  they concurred with the proposed 
modi f ica t ion ,  the  procedures  were changed  and i ssued  to t h e  test team. 
Integrated Systems Review/Operational Readiness Review 
The ISR and ORR are senior  leve l  rev iews  of  a  pro jec t  which g r a n t  f i n a l  
approva l  fo r  t e s t ing  to  begin.  For t h i s  p r o j e c t ,  t h e  ISR and ORR were combined. 
A l l  unresolved items from t h e  CDR and MRC must be resolved to obta in  an  ISR/ORR 
approva l   fo r   t e s t ing .  The ISR/ORR reviews t h e  project as a whole. I n   t h e  case 
of t h i s  i n t e ragency  program, such things as public in fo rma t ion ,  v i s i t o r  con t ro l ,  
and accident  invest igat ion procedures  were addressed. 
~~ ~ ~~ ~~ 
2The word f l i g h t  h e r e  r e f e r s  to  t h e  powered port ion of  s ta t ic  or dynamic 
t e s t i n g .  
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OPERATION OF FACILITY 
The test operations for both s t a t i c  and dynamic testing were conducted by 
the test team i n  three phases:  refl light,^ f l i g h t ,  and postflight. The pre- 
f l i g h t  activities mre primarily performed by the facil i ty and aircraft  mainte- 
nance crews who ensured tha t   a l l   f ac i l i t y  and aircraft  systems operated cor- 
rectly. During the flight phase the Pilot, Test Director, and  ground personnel 
performed their specific tasks to accomplish the test plan i n  a safe manner. 
The postflight phase involved debriefing the test team and preparing the air- 
craf t  and faci l i ty  for  another t e s t  or securing the aircraf t  and facil i ty for 
the day.  The responsibilities of the principal test team  members  and  more 
details  of the test  activit ies are discussed i n  the following sections. 
Principal  Test Team Personnel 
Test Director.- The Test Director is responsible for the overall conduct 
of the t e s t  program wi th  aphasis on the safety of a l l  personnel, equipment, 
and facil i ty.  He resolves problems and ensures familiarity wi th  program objec- 
tives by a l l  personnel. He reviews, i n  detail ,  the tes t  requirements wi th  the 
Pilot and test  team to ensure compliance w i t h  the established schedule of t es t s  
and maintains a close liaison w i t h  facil i ty officials to ensure cmpliance wi th  
NASA regulations and procedures. 
During tethered hover tests, the Test Director's physical location is i n  
the control room.  He directs the tests, including starting, l i f t i n g ,  f l i g h t ,  
lowering, and  shutdown. He is the primary communications l i n k  w i t h  the Pilot 
and, as required, advises him of f l i g h t  conditions, trends, attitudes, and other 
external conditions that the Pilot may not be able to monitor. 
Pilot.- The Pilot  is responsible for actual control of the aircraft, s u b  
ject to the authority of the Test Director. He participates i n  the briefing 
of the test plan before the test and the debriefing following the test .  
Console Operator.- The Console Operator operates the control console. He 
is responsible for informing the Test Director of  any anomalies i n  the system 
operation and performance and is ready to take appropriate action. The Console 
Operator is also responsible for performing the preflight and postflight check- 
outs of fac i l i ty  and aircraft  systems. 
Test Coordinator.- The Test Coordinator is located i n  the control room 
during testing to coordinate the activities of the tes t  team. He is responsible 
for calling out the test conditions, recording a l l  t e s t  times, and  making notes 
of any unusual happenings. 
Safety observers.- Two safety observers who are highly familiar w i t h  the 
aircraft are stationed i n  the vicinity of the tes t  pad to supplement the Test 
Director's visual observation of the aircraft. Their primary responsibility 
is to closely monitor the airplane and its systems a t   a l l  times for evidence 
of malfunctions, such as hydraulic leaks, fuel leaks, erratic control surface 
- 
3See footnote 2 on p. 32. 
33 
operation, damaged surfaces, smoke, overheat   condi t ions,  and fire. They report 
any abnormalit ies over t h e  ICOM to the  Test Director. 
Data observers.- Observers monitor selected parameters recorded on t h e  
real-time instrumentat ion s t r ip  c h a r t s  and report to t h e  T e s t  Director any 
parameters t h a t  exceed specified limits. Their  pr imary responsibi l i ty  is to  
monitor the selected parameters to determine that  the engine and aircraft 
systems are operating normally and to report to t h e  Test Director over  the 
ICOM system any unanticipated or potent ia l ly  dangerous t rends.  
NASA Sa fe ty  Observer.- The NASA Safety Observer is present  i n  t he  con t ro l  
room during a l l  manned tests. He attends a l l  test b r i e f i n g s  and debr ie f ings  
and ensures  tha t  tests are conducted within agreed guidelines. H e  monitors 
a l l  radio and ICOM c m u n i c a t i o n s .  H e  has  au thor i ty  to order  the Test Director 
to  t e rmina te  t e s t ing  whenever  he deems s a f e t y  to be compromised. H e  impounds 
and secures test  data, records, equipment, and accident s i te  i n  case of acci- 
dent  wi th  ass i s tance  of  t he  NASA Secur i ty  Guard Force and n o t i f i e s   t h e  Head of 
the Langley Research Center Systems Safety,  Quality and Reliabil i ty Office.  
NASA Faci l i ty  Coordinator . -  The NASA Fac i l i ty  Coordina tor  is p r e s e n t  i n  
the  con t ro l  room dur ing  pref l igh t  and  pos t f l igh t  fac i l i ty  ' checkouts  and during 
tests. H e  is in charge of NASA f a c i l i t y  p e r s o n n e l  and c e r t i f i e s  to t h e  Test 
Director t h a t  t h e  f a c i l i t y  is ready for test. H e  monitors a l l  radio and ICOM 
communications and coordinates Langley A i r  Force Base a s s i s t ance .  
S t a t i c   T e s t i n g  
For s ta t ic  t e s t i n g ,  t h e  a i r c r a f t  is suspended a t  t h e  desired a l t i t u d e  and 
a t t i t u d e  by being attached to the  "Z" system cable and to seven ground tiedown 
cables a s  shown i n  f i g u r e s  29 and 30. 
P r e f l i g h t  a c t i v i t i e s . -  P r e f l i g h t  a c t i v i t i e s  c o n s i s t  of two main items, a i r -  
c ra f t  p ref l igh t  checkout  by the aircraf t  maintenance crew and da i ly  in spec t ion  
of the te ther  system ("Z" system and gan t ry )  by  f ac i l i t y  and con t ro l  roan per- 
sonnel in accordance with the XFV-12A Tether Test Program Operating Procedures. 
The a i r c r a f t  p r e f l i g h t  checkout is s imi la r  to t h a t  done on any test  a i r -  
c r a f t .  The te ther  system checkout  consis ts  of  visual ly  inspect ing the 
"2" system cable or wire rope, ensuring that the shock absorber pressure is 
within pressure limits f o r  its temperature, conducting a winch func t iona l  
check, and f i n a l l y  a d j u s t i n g  t h e  l o a d  c e l l  f o r  a n y  d r i f t  t h a t  occurred s ince  
t h e  l a s t  test day. 
After t h e  a i r c r a f t  and tether system checkouts are complete ,  the ai rcraf t  
is rolled out and the  "2" cable, t he  ground tiedown cables, the umbilical cable ,  
t he  
the  
t h e  
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engine s t a r t  hose, and ground electrical power are connected. 
F l i g h t  a c t i v i t i e s . -  The f l i g h t  phase ac t iv i t i e s  beg in  wi th  a b r i e f i n g  of 
test team by t h e  f l i g h t  test engineer.  This briefing reviews details  of 
test  to be conducted ,  s ign i f icant  a i rc raf t  conf igura t ion  changes ,  and the  
I 
\ B 
Figure 29.- Stat ic  test tiedown  arrangement for XFV-12A. 
L-78-563 
Figure 30.- XFV-12A suspended in.IDRF for static t e s t i n g .  
d i s p o s i t i o n  of problems or malfunctions (squawks) that occurred during the last 
test. The b r i e f i n g  is canpleted wi th  the  key pe r sonne l  s ign ing  the  XFV-12A 
Tether  Test Operat ional  Readiness  Report (fig. 31). 
XFV-12A Tether  Test  Operat ional  Readiness Repor t  
Tes t  No. Date 
" Z "  Sys tern /A i rc ra f t   Ma in tenance:   (Cor rec t ions   o f   p rev ious  Squawks o f   s i g n i f i c a n c e  
t o  t e s t  and  any o u t s t a n d i n g  Squawks) 
Pretest  Checkout :  
" Z "  Sys tern A i r c r a f t  
Console  Operator Crew Chief  
Fac i  1 i ty 
NASA F a c i l i t y   C o o r d i n a t o r   Q u a l i t y   C n t r o l  
Da ta   S ta t i on  
I n s t r u m e n t a t i o n  
Accepted   fo r   Tes t   Approved  fo r   Tes t  
P i  1 o t   T e s t   D i r e c t o r  
Released f o r  T e s t  
NAVY Represen ta t i ve  
Figure  31 .- XFV-12A Tether  Test Operat ional  Readiness  Report. 
Once f i r e  and rescue personnel  and equipment are i n  p o s i t i o n  and t h e  g a n t r y  
area is secured by t h e  NASA S e c u r i t y  Guard Force, the  P i l o t  mans t h e  a i r c r a f t  
and  begins  cockpi t  p ref l igh t  checks wi th  the  con t ro l  room. Access to  the  gan t ry  
area is restricted to  test  pe r sonne l  and  inv i t ed  v i s i to r s  because of the high 
noise envi ronment  which  requi res  hear ing  pro tec t ion  in  the  v ic in i ty  of  the  
gant ry  area and because of the need to keep t h e  o n l y  access road to  the  gant ry  
open i n  case of emergency. Af te r  the  cockpi t  and  cont ro l  room checks are com- 
p l e t e d ,  t h e  a i r c r a f t  is ho i s t ed  to  approximately 0.3 m (1 f t )  for  weighing;  then 
it is ho i s t ed  up aga ins t  the  t iedown cables  wi th  a t e n s i o n  i n  t h e  " 2 "  cable 
equal  t o  the  weight  of t h e  a i r c r a f t  p l u s  11.1 f 2.2 kN (2500 f 500 l b ) .  The 
a t t i t u d e  of the aircraft  is c o n t r o l l e d  by a d j u s t i n g  t h e  t u r n b u c k l e s  i n  t h e  tie- 
down cables .  This  process can be very time consuming  because  adjusting  the 
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turnbuckles also af fec ts  the  t iedown cable loads which m u s t  be such that  a l l  
cables are in  tens ion  before  engine  s tar t  to ensure accurate  load measurement. 
I t  should be noted that  once the cable lengths  have been adjusted f o r  a given 
a l t i t ude  and a t t i t u d e ,  o n l y  loads and angles are checked. Tare readings are 
then taken, and the engine started using an extra long (30.5 m (1 00 f t ) )  starter 
hose, as shown i n  f i g u r e  32. After  engine s ta r t  t h e  starter hose is removed. 
L-78-566.1 
Figure 32.- m - 1 2 A  with engine starter hose connected. 
After engine operation has s t a b i l i z e d ,  t he  f l i g h t  is conducted in accordance 
wi th  the  tes t  p lan .  A t  the  completion of t h e  f l i g h t ,  the engine is shut  down 
wi th  the  a i r c ra f t  still i n  t h e  hoisted and tensioned position. After engine 
rundown, a p o s t f l i g h t  tare is taken and the  a i rcraf t  is lowered to  the ground. 
P o s t f l i g h t  a c t i v i t i e s . -  After t h e  f l i g h t ,  a pos t f l i gh t  deb r i e f ing  is held 
to discuss the prel iminary tes t  results and any anomalies that occurred during 
t h e  f l i g h t .  The a i r c r a f t  maintenance crew r e f u e l s  t h e  a i r c r a f t  and conducts 
a p o s t f l i g h t  i n s p e c t i o n  i n  order to prepare t h e  a i r c r a f t  f o r  t h e  n e x t  test. 
I f  no f u r t h e r  t e s t i n g  is planned for the day, the aircraft  is disconnected 
from the  " Z "  system  and  ground  tiedown cables and returned t o  the hangar. The 
"Z"  system is then secured by t h e  f a c i l i t y  and con t ro l  roan personnel. 
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Dynamic Tes t ing  
For dynamic t e s t i n g ,  t h e  aircraft is a t t ached  to o n l y  t h e  "2" system cable 
as shown i n  figure 33. The tes t  envelope for dynamic t e s t i n g ,  shown i n  
L-78-4885 
Figure 33.- XFV-12A during dynamic tethered hover testing. 
f i g u r e  34, is 15.2 m by 15.2 m (50 f t  by 50 f t )  a t  ground l eve l  dec reas ing  t o  
11.6  m by 11.6 m (38 f t  by 38 f t )  a t  15.2 m (50 f t ) .  The f a c i l i t y  can be 
quickly converted from dynamic to  s t a t i c  modes to resolve any anomalies 
enwuntered.  
P r e f l i g h t  a c t i v i t i e s . -  P r e f l i g h t  a c t i v i t i e s  for dynamic t e s t i n g  are 
e s s e n t i a l l y  t h e  same as for s ta t ic  t e s t i n g .  The major d i f f e rence  is i n  t h e  
dai ly  checkout  of the "2" system. Checkout  of the  automatic mode of winch 
opera t ion  is added to the "Z" system checkout. This  test determines  whether 
t he  "2"  system w i l l  follow the  aircraft v e r t i c a l  motion. 
For a dynamic test, t h e  a i r c r a f t  is connected to o n l y  t h e  "Z" system cable, 
the  umbi l ica l  cable, the  engine s ta r t  hose, and ground electrical power. 
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Figure 34.- Test envelope for dynamic tethered hover testing. 
F l i g h t  activities.- As with  preflight activities, dynamic and s t a t i c  opera- 
tions are similar. The difference between the two operations begins after the 
aircraft  is manned by the Pilot. As with  static testing, the aircraft  is l i f ted  
approximately 0.3 m (1 f t )  off the ground for weighing. After  lowering the air- 
craft and starting the engine, the starter hose and ground electrical  power are 
removed w i t h  the aircraft on the ground. 
For tes t s  i n  which the ini t ia l  a l t i tude of the aircraft  is above ground 
level, the ai rcraf t  is l i f ted  to  tes t  height wi th  the engine at  idle  power set- 
ting. The thrott le is advanced to  the desired level and the f l i g h t  is conducted 
i n  accordance w i t h  the t e s t  plan. For tes ts  i n  which the aircraft  is to make 
a vertical takeoff, the aircraft lifts off and climbs to test  alt i tude.  The 
aircraft  is then either flown down to  the ground or the engine power is reduced 
to  idle  and the aircraft lowered back to  the ground. 
Postflight activities.- Postflight activities for both dynamic and s t a t i c  
testing are the same. 
Safety Aspects 
The overall responsibility for conducting the testing i n  a safe manner to 
protect all  personnel, equipment, and f ac i l i t i e s   l i e s  wi th  the Test Director. 
The Government's interests wi th  respect  to  safety  l ie wi th  the NASA Safety 
Observer. He is the only person during a t e s t  who has authority, whenever  he 
deems that safety is being canpromised, t o  order the Test Director to stop the 
test. 
Tables V and V I  are matrices of emergency conditions and the actions 
required for s t a t i c  and  dynamic testing, respectively. Note that each c a l l  
for stopping the t e s t  begins wi th  the word "recover" followed generally by a 
descriptive word or words. 
TABLE V.- STATIC TEST RECOVERY MATRIX 
Event 
Fire  
Winch 
malfunction 
Primary 
f a i l u r e  
communicatio 
Test canplete 
A l l  other 
delaying or 
reasons for 
stopping tes '  
Cal l  
Recover , 
f i r e  
Recover, 
winch 
Recover, 
c o m  
Recover, 
t e s t  
canplete 
Recover 
Pilot   action I Console  Op rator  ction 
1 .  Reduce l i f t  1 .  Switch winch BRAKE to  AUTO REI 
3 .  Shut off  engine 3. Lower a i r c ra f t   t o  ground 
4. Shut off fuel 
1 .  Reduce l i f t  Push W I N C i  P W G  STOP 
2. Throttle back to  idle  
1 .  Reduce l i f t  Switch t o  UAF 
2. Throttle back t o  i d l e  
1 .  Reduce l i f t  
2. Throttle back to  id l e  
As directed 
1 .  Reduce l i f t  A s  directed 
2. Throttle back to  id l e  
Test Director action 
Request crash and rescut 
equipment 
Instruct  winch platform 
technicians to  set  
manual brake on winch 
1 .  Inform t e s t  team of 
comunications 
f a i l u r e  w i t h  bu l l  
horn 
actions as requirec 
Take appropriate actions 
2. Take appropriate 
as required 
Take appropriate actions 
as required 
TEST RESULTS 
Typical results of both s t a t i c  and dynamic tes ts  of the XFV-12A are pre- 
sented i n  t h i s  section. These results illustrate the type of data that can  be 
acquired through utilization of the I D R F  as a tethered test facility for V/STOL 
aircraft. 
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TABLE VI.- DYNAMIC TEST RECOVERY MATRIX 
Winch 
malfunction 
1"" , .. 
I communicatio Primary 
fa i lure  
Test cunplete 
A l l  other 
reasons for 
delaying or 
. . -~ 
Call  
Recover, 
f i r e  
~ . .  ~~ 
Recover, 
winch 
-~ 
Recover, 
corn 
iecover , 
t e s t  
canpletc ___ 
iecover 
" ~~ 
Pilot  action Console Operator  acti n 
1 .  Reduce l i f t  
3. Shut off  engine 3. Lower a i r c r a f t   t o  ground 
4. Shut off fuel 
1 .  Reduce l i f t  Push WINCX P W G  STOP 
2. Throttle back to i d l e  
1 .  Reduce l i f t  1 .  Switch t o  UHF 
2. Throttle back to id le  2. Switch WINCH AUTO/MAN to  MAN 
~ .~ 
1 .  Reduce l i f t  Switch WINCH AUTO/MSN t o  MAN 
2. Throttle back t o  i d l e  
1 .  Reduce l i f t  Switch WINCH AUTO/M?iN to  MAN 
2. Throttle back to  id le  
Test  Director  action I 
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S ta t ic  T e s t  Resul t s  
For XFV-12A s ta t ic  t e s t ing ,  t he  tiedown cables  were constructed to give 
test a l t i t u d e s  of 0, 0.9, 3.0, and 9.1 m (0,  3, 10 ,  and 30 f t ) .  These a l t i t u d e s  
are adequate to generate  a i rcraf t  force  and moment data both in and o u t  of 
ground e f f e c t .  Dur ing  the  s ta t ic  tes t ing ,  cons iderable  a t ten t ion  was given to  
improving the augmenter performance. 
In i t i a l ly ,  on ly  s ing le -ax i s  con t ro l  i npu t s  were evaluated. Typical r e s u l t s  
are g iven  in  f igures  35 to 37. These plots show the primary moment v a r i a t i o n s  
and t h e  e f f e c t s  of cross coupling with control input for pitch,  roll ,  and yaw. 
Substant ia l  cross-coupl ing effects  of yaw with rol l  input  ( f ig .  36) were 
observed. Later dynamic tests proved t h i s  cross coupling t o  be acceptable.  
In  add i t ion  to these  moment plots, va r i a t ions  of l i f t  and drag were generated 
fo r  va r ious  l i f t  l eve r  pos i t i ons ,  l ong i tud ina l  s t i c k  pos i t ions ,  and wing mean 
augmenter f l ap  ang le s .  Parametric tests of t hese  va r i a t ions  were accanplished 
both  in  and o u t  of ground e f f e c t .  
41 
Control  hysteresis  w a s  another problem inves t iga ted  dur ing  the  s ta t ic  
tests. Single-axis ro l l  and yaw inputs  generated up to  2O h y s t e r e s i s  on the  
wing d i f f u s e r  f l a p  a n g l e s  and l o  for  the canard.  Manent var ia t ions  genera ted  
for  these  condi t ions  are shown i n  f i g u r e s  36 and 37. Mult iple-axis  inputs  were 
evaluated in various combinations and resulted i n  no serious problems with 
e i t h e r  moment values or cont ro l  reversa l .  
Another area of inves t iga t ion  wi th in  the  IDRF f a c i l i t y  c o u l d  be the  effect 
of mean augmenter f lap  angle ,  power s e t t i n g ,  and l i f t  l e v e r  p o s i t i o n  on reinges- 
t i o n  a t  ground l eve l .  These parameters would allaw the  development  of  an opera- 
t i ona l  l i f t -o f f  t echn ique  which would minimize r e inges t ion  and maximize the  air- 
c r a f t  V/STOL takeoff gross weight. 
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Figure 35.- Varia t ion  of p i tch ing  mcanent wi th  longi tudina l  s t i c k  pos i t i on  
fo r  t he  XFV-12A with yaw and ro l l  cont ro ls  f ixed .  
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Dyn&ic Test  Results 
A t  the conclusion of static testing, dynamic testing to assess aircraft 
controllability w i t h  lift-to-weight ratios less than 1 was initiated. Most 
of the XFV-12A dynamic t e s t  were conducted at  a lift-t-weight ratio of 
approximately 0.75 for a trimmed configuration with adequate controllability. 
Since significant tension s t i l l  remained i n  the "2" cable, which w a s  attached 
above the aircraft center of gravity, the aircraft control was not total ly  
representative of a free-air hover. However, a good qualitative evaluation of 
the aircraft  handling qualities w a s  possible when the "2" cable was nearly ver- 
t ical  and the pitch and ro l l  angles were small. 
The XFV-12A has a three-axis rate damper augmentation system with 
10-percent authority. T h i s  system w a s  evaluated for a l l  three axes with the 
aircraft  out of ground effect  at  9.1 m (30 f t )  a l t i t ude  and  maximum engine 
t h r u s t .  Figure 38 shows the variation of control input wi th  dampers off and 
on  and figure 39 shows the corresponding aircraf t  response rates. The  damper 
system i n  general has l i t t l e   e f f e c t  i n  the pitch axis, a s l i g h t l y  greater 
effect i n  the yaw axis, and a significant effect i n  the roll axis. 
Pilot work load w a s  evaluated for two tasks. The f i r s t  task w a s  to sta- 
bilize the aircraft at 9.1 to  12.2 m (30 to  40 f t )  altitude and then lower the 
aircraft into ground effect to approximately 3 m ( 1 0  f t ) .  The second task was 
to stabil ize the aircraf t  a t  9.1 m (30 f t )  w i t h  an a f t  l i f t  lever position 
( ~ L L  = -2.8 cm (-1.1 i n . ) )  and then advance the l i f t  lever forward to the 
neutral position ( ~ L L  = 0 ) .  Because the augmenters  were not performing as 
designed, t h i s  procedure caused all  diffuser half-angles to  move fran the 
linear portion of the augmenter lift-curve slope to the flatter portion just 
before stall ( f ig .  4)  , resulting i n  a significant reduction i n  control margins. 
Figures 40, 41 , and 42 show the traces of pilot input for pitch and the cor- 
responding diffuser half-angles for the wing and canard. A s  shown, the pi lot  
work load increased substantially as the l i f t  lever approached the neutral 
position. This  particular series of tests also helped to understand the amount 
of control margin required and the desired slope of the augmentation rat io  
curves. 
During the ground-effect investigations, l i f t  values were recorded from 
free air through ground effect. T h i s  variation is plotted i n  figure 43. 
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Figure 39.- Comparison of XEV-12A response  rates while maintaining  constant 
attitude  during  dynamic tethered hover with dampers off and on. 
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Figure 40.- Longitudinal  control input required 
to maintain  constant  attitude for various 
l i f t  lever positions of XFV-12A during 
dynamic  tethered hover. 
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Comparison of Stat ic  and Dynamic Results 
Since most  of the dynamic test results are either qualitative or dynamic 
parameters that do not exist from static testing, only the total  aircraft  lift 
is available for canparing s t a t i c  and  dynamic tests. Nine data points were com- 
pared a t  various conditions, as shown i n  table VII. These points represent 
a "slice of time" f rm s tab i l ized  dynamic runs. The rat io  of dynamic l i f t  to  
s t a t i c  l i f t  varied between 0.99 and 1.01 which indicates an extremely good cor- 
relation between the s t a t i c  and dynamic tests. 
' D , W I  ' D , c '   D y n a m i c  l i f t  
deg deg Static  lift 
~~ ~ .". 
-3.0 6.0 1 .oo 
0 1 .o 1 .oo 
1 . 5  0 1 .oo 
5.5  3.0 1 .oo 
4.0  4.0 .99 
-1 .o 2.0 1 .oo -. 4 1.4 1 . 0 1  
. 2  . 3  .99 
. 2  1 . 1  1 .oo I 
PILOT OBSERVATIONS 
Piloting tasks for both s t a t i c  and dynamic operations were d i  .ar i n  
that the Pilot was essentially a cockpit controls operator for the static runs, 
whereas for the dynamic runs, h i s  task was similar to hovering an aircraft .  
I n  the s t a t i c  case, the Pilot w a s  almost completely "head down" inside the cock- 
pi t ,  whereas i n  the dynamic case, he  was almost canpletely "head up" outside 
the cockpit i n  order to observe and control the aircraft dynamic motions. 
Static Operations 
From the Pi lot ' s  viewpoint, the s ta t ic  tes t ing involved l i t t l e  or no 
piloting tasks since the aircraft was rigidly restrained by the tiedown cables. 
High  power runs were limited to 5 to  8 minutes, or s l i g h t l y  longer i f  sane data 
were obtained a t  l ess  than f u l l  power. Ini t ia l ly ,  20 seconds of data were 
obtained a t  each point, b u t  as the program progressed, it was determined that 
stabilized data could be obtained with points as short as 1 0  seconds. Early 
testing indicated that the Pilot was ful ly  occupied wi th  the stick, rudder, l i f t  
lever, and thrott le movements; therefore, the Test Coordinator position was 
established i n  the control room to time the t e s t  and to  confirm Pilot control 
position movements. With t h i s  additional test team  member  on the ICOM system, 
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coord ina t ion  of a l l  t h e  members of the  tes t  team was improved, and delays 
between d a t a  p o i n t s  were el iminated.  
Although the pilots were phys ica l ly  comfor tab le  dur ing  s ta t ic  tens ioning  
and tests, it w a s  n o t  a p a r t i c u l a r l y  comfortable experience,  a t  least no t  as 
comfortable  as it might appear to t h e  o u t s i d e  observer. The Pi lot  had  no 
immediate escape route a v a i l a b l e  i n  case of fire. The e j e c t i o n  seat w a s  d i s -  
abled and the canopy r a i l  was about 11.9 m (39 f t )  -above the ground, too high 
to  jump s a f e l y .  The A i r  Force emergency tree lowering device carried by t h e  
Pi lot  would be d i f f i c u l t  to use q u i c k l y  i n  a n  emergency. It t o o k  a s i g n i f i c a n t  
amount  of time to c a r e f u l l y  climb over the side of the cockpit  and some care 
had t o  be taken to avoid  twis t ing  the  nylon  tape. The IDRF bucket  t ruck was 
ava i l ab le  bu t  r equ i r ed  a f e w  minutes to move in to  pos i t i on  and  set up. The 
qu ickes t  way  down was the Console Operator lower ing  the  a i rcraf t  wi th  the  winch. 
Emergency lowering was practiced and it w a s  d e t e r m i n e d  t h a t  t h e  a i r c r a f t  c o u l d  
be brought down from 9.1 m (30 f t )  to  the ground in  about  7 t o  1 0 seconds. The 
canpensat ing factor i n  f i re  cons ide ra t ions  w a s  t h e  fact  t h a t  i t  would take a 
double f a i l u r e ,  t h a t  is, a f i r e  p l u s  a winch f a i l u r e ,  f o r  t h e  p i lo t  to  be unable 
to evacuate  expedi t ious ly .  Also, t h e  A i r  Force  c rash  t ruck  had t h e  c a p a b i l i t y  
t o  s a t u r a t e  t h e  a i r c r a f t  w i t h  l i g h t  water a l l  t h e  way up to  maximum ope ra t ing  
height .  However, t h e  P i lo t  depended most on the Console  Operator, s i n c e  he no t  
o n l y  d i r e c t l y  c o n t r o l l e d  t h e  w i n c h  b u t  also was t h e   f i r s t  to know of any winch 
malfunction.  Therefore,   he also had the  r e spons ib i l i t y  fo r  "ca t ch ing"  the  air- 
c r a f t   i f  any f a i l u r e  of the winch system occurred which would allow t h e  a i rcraf t  
to descend a t  an uncontrolled rate. On one  occasion when t h i s  occurred, due 
to  t h e  fa i lure  of the drive coupling Setween the winch transmission and the gear 
box j u s t  as t h e  a i r  c r a f t  was l i f t e d  clear of the ground, the Console Operator 
d i d  set t h e  emergency brake af ter  t h e  a i r p l a n e  had dropped only abou t  0.3 m 
(1 f t ) .  I t  is worthy to n o t e  t h a t  t h i s  u n d e s i r e d  e v e n t  was i d e n t i f i e d  i n  t h e  
FMEA and the  p rocedures  e s t ab l i shed  fo r  t he  even t  were s a t i s f a c t o r y .  
The ma jo r i ty  of t h e  s ta t ic  test operations were performed with the wheel 
he ight  a t  9.1 m (30 f t )  which corresponded to the  P i l o t ' s  eye l e v e l  a t  about 
12 .2  m (40  f t ) .  A f t e r  t e n s i o n i n g  t h e  tiedown c a b l e s ,  t h e  a i r p l a n e  was usua l ly  
ve ry  solid wi th  l i t t l e  movement e x c e p t  f o r  i n t e r m i t t e n t  small abrupt lurches ,  
apparent ly  due to  s l i g h t  hangups in  the  ind iv idua l  t i edown  cab le  swive l s ,  
shackles ,  etc. This  phenomenon was i n i t i a l l y  d i s c o n c e r t i n g  u n t i l  it became 
obv ious  tha t  it w a s  a c o m n  c h a r a c t e r i s t i c  of the system. I t  did provide an 
i n d i c a t i o n  of v a r i a t i o n s  i n  l i f t  and c o n t r o l  moments as these  lu rches  usua l ly  
occurred when l i f t  was varied due to  power changes or c o n t r o l  movements.  The 
except ion to th is  occur red  dur ing  ground he ight  s ta t ic  tests when t h e  a i r c r a f t  
experienced buffeting due to ground ef fec t .  This  buf fe t ing  w a s  more no t i ceab le  
i n  t h e  IDRF t han  in  p rev ious  ground he igh t  tests because the t iedown system was 
no t  as r i g i d .  
The f i r e  warning system was t r i g g e r e d  s e v e r a l  times dur ing  the  static test 
program.  These  warnings were always  due to  e i t h e r  a hot  a i r  leak frcrn the duct-  
ing  sys tem (usua l ly  the  lower plenum) or, in  one  in s t ance ,  a sensing element 
which  malfunctioned. Discrete w a r n i n g  l i g h t s  i n  t h e  cockpit which  indicated 
ind iv idua l  sens ing  e lements  were a g r e a t  h e l p  i n  e v a l u a t i n g  t h e  s i t u a t i o n  i n  
each case. With experience,  it w a s  possible to confirm with telemetered data 
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t h a t  ac tua t ion  of a sensing element  w a s  due to a margina l  overhea t  condi t ion  
r a the r  t han  to a n  a c t u a l  fire. I n  t h e s e  s i t u a t i o n s ,  it w a s  possible, providing 
t h a t  a l l  i n d i c a t i o n s  were c o n s i s t e n t  (i.e., telemetric i n d i c a t i o n  of overheat ,  
f i r e  warning ext inguished with reduct ion of power, and absence of v i s i b l e  f i re  
i n d i c a t i o n s ) ,  to cool down a t  i d l e  for a period of 4 to 5 minutes and then go 
h a c k  up to power and canplete the  data run prior to r e a c t i v a t i o n  of t h e  warn- 
ing  system. I t  should be n o t e d  t h a t  t e t h e r e d  t e s t i n g  s u b j e c t s  t h e  aircraft  to 
a much longer  period of h igh  tempera ture  opera t ion  than  would norma l ly  ex i s t  
i n  an  opera t iona l  V/STOL s i t u a t i o n  and  therefore  places more s t r ingen t  r equ i r e -  
ments  on the f i re  and overheat  warning system in the test a i r c r a f t .  Preferably, 
a real-time data system could be u t i l i z e d  to monitor a l l  engine bay temperature 
i n s t r u m e n t a t i o n  a u t m a t i c a l l y ,  b u t  t h a t  w a s  n o t  a v a i l a b l e  f o r  t h i s  program. 
V i s u a l  A i d s  
Al though the  v isua l  aids were no t  r equ i r ed  for static opera t ions ,  it became 
obvious  tha t  the  aids would be inadequate  for full dynamic t e s t i n g .  The l a r g e  
number of mul t ico lored  spheres  fore  and  a f t  of t he  a i rp l ane  on  the  gan t ry  cen- 
t e r l i n e  were visual ly  confusing,  which rendered them useless for he ight  refer- 
ence  and poor for l a t e r a l  l ineup.  For further t e s t ing ,  t he  sphe res  shou ld  be 
removed  and t h e  east-west painted center l ine lengthened and darkened,  as t h i s  is 
an  exce l l en t  l i neup  r e fe rence .  Offset  l i n e s  p a r a l l e l  to  t h e  c e n t e r l i n e  should  
be provided a t  about 3 m (10 f t )  i n t e r v a l s ;  these should not  be as wide, and 
poss ib ly  no t  be t he  same color, as t h e  c e n t e r l i n e  stripe. Pa in ted   rad ius  cir- 
cles should also be provided around the tethered area a t  30.5 m (100 f t )  and 
61 m (200 f t )  from t h e  c e n t e r  f o r  l o n g i t u d i n a l  r e f e r e n c e .  The black and  white 
checkerboard to the  no r th  of t h e  test  area was i n e f f e c t i v e  and should be dis- 
carded. The leas t  confusing height  reference can be provided  by  marking the 
g a n t r y  l e g s  and t h e  e l e v a t o r  tower w i t h  h o r i z o n t a l  l i n e s  as he ight  markers cor- 
responding to the  Pi lot ' s  eye he ight  a t  3.0, 6.1, 9.1,  and  12.2 m (10,  20, 30, 
and 40 f t ) .  
Dynamic Operat ions 
I n i t i a l  free t e t h e r e d  f l i g h t s  were conducted a t  9.1 m (30 f t )  w i th  the  
1.5 m (5 f t )  r e s t r a i n t  r i n g .  S i n c e  o n e  of the  pr imary  purposes   of   these  ini-  
t i a l  tests was to  o b t a i n  a precise reading of the  " 2 "  system load cel l  wi th  
minimum ex t r aneous  in t e r f e rence ,  t he  Pi lot  attempted to  s t a b i l i z e  t h e  air- 
c r a f t  clear of t h e  small r e s t r a i n t  r i n g .  L a t e r a l l y ,  t h i s  was p o s s i b l e  by 
r e fe rence  t o  the  gan t ry  cen te r l ine .  Bu t  t he  Test Director, by observ ing  the  
cable p o s i t i o n  w i t h i n  t h e  r e s t r a i n t  r i n g ,  had t o  coach the Pi lot  to cen te r  
l ong i tud ina l ly .  The overhead TV monitor on the winch platform w a s  no t  a 
s a t i s f a c t o r y  r e f e r e n c e  for t h i s  due to  the  pa ra l l ax  caused  by t h e  n e c e s s i t y  
for mounting  the camera too f a r  fran t h e  "2" cable. In  any  case, it was 
possible to s t a b i l i z e  clear of t h e  r e s t r a i n t  r i n g  l o n g  enough to  ensu re  va l id  
data. 
When p r o f i c i e n c y  i n  a t t i t u d e  c o n t r o l  had been demonstrated, the ring 
r e s t r a i n t  w a s  removed and dynamic f l i g h t s  were executed  wi th  only  the  cable 
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r e s t r a i n t  a t  he igh t s  from 12.2 m (40 f t )  to  3.0  m (1 0 f t ) .  Some concern 
ex i s t ed  about  t h e  a b i l i t y  to pos i t i on  the  aircraft long i tud ina l ly  due to the 
poor longi tudina l   v i sua l   re fe rences .  However, when deliberate mild longi tudi-  
n a l  maneuvers were attempted, the "Z" cab le  load of about 22.2 kN (5000 l b )  pro- 
vided a c e n t e r i n g  e f f e c t  s u f f i c i e n t  to prevent  t h e  aircraft  from making contact  
with the cable r e s t r a i n t .  Lateral maneuvers  of +3 m (210 f t )  were found to be 
r e l a t i v e l y  e a s y  to execute with some prec is ion .  The center ing  effect of t h e  
cable  was f e l t  when the aircraft was displaced l a t e r a l l y  3 m (10  f t ) ,  b u t  posi- 
t i o n  could be held by maintaining a small bank angle. The " Z "  cable tension 
also exerted a p i t ch ing  and/or r o l l i n g  moment  when the  load was n o t  v e r t i c a l  
because of t he  pendulum effect of t he  aircraft  v e r t i c a l  c e n t e r  of gravi ty  being 
below the hoist  point.  Therefore,  a good qua l i t a t ive  eva lua t ion  of t h e  a i r c r a f t  
longi tudina l  and l a t e ra l  hand l ing  characteristics was only  poss ib le  when the  
"2" cable was n e a r l y  v e r t i c a l  and p i t c h  and rol l  angle changes were small. 
In  an  ea r ly  dynamic test, when a loss of a t t i t u d e  c o n t r o l  occurred during 
a fl ight with reduced control margins,  the f l i g h t  was aborted and the  a i rcraf t  
was recovered safely without  incident  in  accordance w i t h  t h e  Operating 
Procedures. 
CONCLUSIONS 
Modifications to the  Langley impact dynamics  research  fac i l i ty  ( I D R F )  to 
support  t he  XFV-12A Tethered Hover Test Program were accomplished and procedures 
to u t i l i z e  the  f a c i l i t y  for te thered  hover t e s t i n g  were es tab l i shed .  From the  
6 months of static and  dynamic tes t ing,  the fol lowing conclusions were drawn: 
1.  The IDRF offers several  unique capabilities for hover t e s t i n g  of V/STOL 
aircraft: 
a. The aircraft  can be "caught" and recovered a t  any time during the 
test . 
b. Control  limits can be rap id ly  and safe ly  def ined ,  and ope ra t ion  in  
regions of reduced control margins can be invest igated.  
c. Ground effect boundaries and variations of a i rcraf t  c h a r a c t e r i s t i c s  
within these boundaries can be rapidly def ined,  and dynamic hover 
f l i g h t  c a n  be safely demonstrated in a realist ic ground effect 
environment. 
d. Quick  conversion from dynamic to s ta t ic  test  modes allows rapid 
d e f i n i t i o n  and reso lu t ion  of any anomalies incurred. 
e. The external environment (flow f i e l d  velocity,  pressure,  temperature,  
and noise) around the  aircraft  can be def ined for v a r i o u s  a i r c r a f t  
a t t i t u d e s  and a l t i tudes  and wind condi t ions.  
f .  The f a c i l i t y  p r o v i d e s  a realist ic environment i n  which pilots can 
t r a i n  and main ta in  prof ic iency  in  VTOL f l i g h t .  
54 
2. XEV-12A tethered hover  tes t ing within the I D R F  has  ind ica ted  tha t  va l id  
fo rce  and moment data can be obta ined  f ran  static t e s t i n g  and t h a t  dynamic 
te thered  hover f l y i n g  q u a l i t i e s  c a n  be evaluated. 
On the  bas i s  of experience gained during the te thered hover  tes t ing of the  
XEV-12A a t  the Langley i m p a c t  dynamics r e s e a r c h  f a c i l i t y  (IDRF) , the  fol lowing 
recommendations are made: 
1 . V a l i d a t e   t h e   f a c i l i t y   f o r  dynamic te thered hover  tes t ing a t  l i f  t-to- 
weight ratios grea te r  than  1 by performing dynamic tethered hovers with an air- 
c r a f t  having known hover charac te r i s t ics ,  such  as t h e  AV-8A Harrier a i r c r a f t  
using several  experienced AV-8A pilots. 
2. Modify the  IDRF so t h a t  t h e  f a c i l i t y  c a n  be used f o r  b o t h  t h e  a i r c r a f t  
c r a s h  s a f e t y  program and te thered  hover t e s t ing  wi th  minimum in te r fe rence .  
3. Upgrade t h e  IDRF for  te thered  hover t e s t i n g  based on experience from 
XE'V-12A t e s t ing ;  t ha t  is, improve the  con t ro l  room, intercommunication system, 
video system, p i lo t  cues, and aircraft  maintenance work  areas .  
4. Incorporate  te thered hover  tes t ing as an  in t eg ra l  part of the d e v e l o p  
mental process for f u t u r e  V/STOL a i r c r a f t ;  t h a t  is, after wind-tunnel  and simu- 
l a t i o n  tests, conduc t  t e the red  t e s t ing  be fo re  f l i gh t  tests. 
Langley  Research  Center 
National Aeronautics and Space Administration 
Hampton, VA 23665 
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